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在前三章中，作为天然存在的 ATP 的稳定同位素类似物，γ-[18O4]-ATP 被通过化
学手段合成出来作为一种小分子探针，并被用来发展了一种基于质谱技术的非放
射性多通道的激酶活性分析方法,也即“SIMPLEX”(Stable Isotopic and Metabolic 
Phosphate Labeling EXperiment)。与其他方法相比，本方法的核心优势在于可以
适用于所有激酶，并且可以使用未经纯化的激酶和不需要使用非天然的荧光底














































This thesis focused on the core issues in pharmaceutical industry that includes lead 
discovery, targeting delivery and the development of macromolecular drug, describes addressing 
some of the basic biological and medical problems by using chemical method and technology. 
Through integrating the traditional organic synthesis, protein engineering and enzymology with 
the cutting-edge techniques such as nano-technology, fluorescence encoding and in vivo evolution, 
several chemical biology platforms are established and evaluated with future applications in 
protein kinase assay, drug targeting delivery, proteomics research, discovery of aptamer, 
therapeutic treatment of cancer and medical imaging for in vivo diagnostics. 
 
Protein kinases constituting about 1.7% of all human genes, is considered as attractive 
targets for drug discovery. In the first three chapters, γ-[
18
O4]-ATP was synthesized as a small 
molecular probe to develop a mass spectrometry-based non-radioactive and multiplex kinase assay 
method, namely SIMPLEX (Stable Isotopic and Metabolic Phosphate Labeling EXperiment). 
Significantly, this novel approach can be applied to any kinase without using purified enzyme or 
fluorescent substrate. The biological equivalence and stability of γ-[
18
O4]-ATP to its natural 
counterpart γ-[
16
O4]-ATP were carefully characterized. Using this approach, the effectiveness, IC50 
and specificity of inhibitors on several kinases could be readily determined. Future prospect for 
this method would primarily be for the high-throughput screening of kinase inhibitor candidates. 
 
In chapter four, a novel and efficient self-assembly system that confers microbeads used 
in suspension array with tunable capacity of dual-color encoding and antibody self-loading was 
described. This technology was achieved by a rational designed engineered protein called Modular 
Immobilization and Coding Scaffold Protein (MICSin, pronounced as “mixing”). The binding 
specificity of MICSin and the feasibility of using MICSin system for 2-D encoding were 
demonstrated by biochemical analysis and flow cytometry. By using this technology, complicated 
microbeads encoding and sophisticated antibody conjugation was integrated into a facile, tunable 















cytokines can be simultaneously detected at the concentration of 1 ng/mL. Significantly, the 
molular nature of this MICSin-based suspension array makes it possible to further tune and 
expand for versatile application. We envision this time-saving and economical encoding method 
will promote the utility of suspension array in a wide variety of medical diagnosis, protein 
detection and lead compound screening and optimization. 
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ADP adenosine di-phosphate 
ALT serum glutamic pyruvic transaminase 
AMD age-related macular degeneration  
AMP adenosine mono-phosphate 
ATF2 activating transcription factor 2 
ATP adenosine tri-phosphate 
Bcr-Abl 
V-abl Abelson murine leukemia viral oncogene homolog within 
breakpoint cluster region on chromosome 22 
B-Raf v-Raf murine sarcoma viral oncogene homolog B1 
BS3 bis(Sulfosuccinimidyl) suberate 
BSA bovine serum albumin 
BUN blood urea nitrogen 
CDR complementary determining region 
CID N,N'-carbonyl diimidazole 
CHCA α-cyano-4-hydroxycinnamic acid 
CK2 casein kinase 2 
CML chronic myeloid leukemia 
Confocal confocal laser scanning microscopy 
DAPI 4',6-diamidino-2-phenylindole  
DCC N,N'-Dicyclohexyl carbodiimide 
DHB 2,5-dihydroxy benzoic acid  
DMF N, N-dimethyl formamide 
DMSO dimethyl sulfoxide 
DTT dithiothreitol 
EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  
EDTA ethylene diamine tetraacetic acid 
EGF epidermal growth factor 
EGFR epidermal growth factor receptor 
EGTA ethylene glycol tetraacetic acid 
ELISA enzyme-linked immunosorbent assays 
ESI electrospray ionization 
FACS fluorescence-activated cell sorting 
FBS fetal bovine serum 
FDA the Food and Drug Administration 
FDG fludeoxyglucose 
FITC fluorescein isothiocyanate 
FLEXIQinase stable isotope–labeled protein for quantification strategy 
FN3 10
th















FP fluorescence polarization 
FRET fluorescence resonance energy transfer 
GIST gastrointestinal stromal tumor  
GST glutathione S-transferase 
H&E hematoxylin and eosin stain 
HRP horseradish peroxidase 
HTRF homogeneous time-resolved fluorescence 
ICAT isotope-coded affinity tags 
IFN-γ interferon-gamma 
IL-4 interleukin 4 
IMAC ion affinity chromatography 
JAK Janus tyrosine kinase 
JNK c-Jun N-terminal kinases 
KRAS V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
KIT mast/stem cell growth factor receptor or CD117 
mAb monoclonal antibodies 
MALDI matrix-assisted laser desoption/ionization   
MLCK myosin light-chain kinase 
MSA mobility shift assay 
NHS N-Hydroxysuccinimide 
NSCLC non-small-cell lung cancer 
PBS phosphate buffered saline 
PET positron emission tomography 
PKA cAMP-dependent protein kinase, protein kinase A 
PKC protein kinase C 
PKG protein kinase G 
PKI protein kinase inhibitor 
Raf 
the name of serine/threonine-specific protein kinases, derived 
from Rapidly Accelerated Fibrosarcoma 
RCC renal cell carcinoma 
SILAC stable isotope–labeled amino acids culturing technology  
SPA scintillation proximity assay 
Src a proto-oncogene tyrosine-protein kinase, short for sarcoma 
TFA trifluoroacetic acid 
TK tyrosine kinase 
TKI tyrosine kinase inhibitor 
TNF-α tumor necrosis factor-alpha  
PDGFR platelet-derived growth factor receptors 
peg polyethylene glycol 
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